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@ Controlled release solid drug dosage forms based on mixtures of water soluble nonionic cellulose ethers and anionic 
surfactants. 

@ A carrier base material combined with a therapeutically 
active medicament and shaped and compressed to a solid 
unit dosage form having a controlled and prolonged release 
pattern upon administration, the carrier base material being 
a mixture of one or more nonionic cellulose ethers and an 
anionic surfactant, and wherein at least one of the cellulose 
ethers is methyl cellulose or hydroxypropylmethylcellulose 
having a number average molecular weight of at least 50.000. 
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CaNTRDLLED RELEASE SOLID DRUG DOSAGE FORMS BASED ON 
MIXTURES OF UJATER SOLUBLE IMOMIDNIC CELLULOSE ETHERS 
AND AfMIOIMIC SURFACTANTS, 

-1- 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

This 'invention relates to a carrier base material 
to be combined with a therapeutically active medicament 
5 and formed into a solid, shaped unit dosage form having 
a controlled and prolonged incremental release of the 
medicament upon administration. Specifically, this in- 
vention relates to a mixture of a water-soluble nonionic 
cellulose ether and an anionic surface active agent XArhich 
10 is suitable for use in, controlled release therapeutic 
compositions . 

2, Description of the Prior Art 

Water-soluble nonionic cellulose ethers have been 
used as binders, matrices or carrier bases in sustained 
15 release solid dosage forms containing active medicaments, 

accompanied by lubricants and excipient fillers, as needed, 
llethylcellulose and hydroxypropylmethylcellulose , par- 
ticularly the latter, are among the nonionic cellulose 
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ethers which have been most widely used in this manner. 

The cellulose ethers are commercially available 
in various grades under several trade names . The grades 
available under a given trade name represent differences 
5 in composition and molecular weight. Thus, water-soluble 
methylcellulose (Methocel A, previously designated as 
Methocel MC, from The Dow Chemical Co,, U.S.A. and 
Metalose SM from Shin-Etsu, Ltd. , Japan) has a methoxyl 
content of 27.5-31.5 weight-% and is available in various 

10 viscosity grades. Hydroxypropylmethylcellulose is 

actually a series of compounds (Methocel E, F, J and K, 
all previously designated as versions of Methocel HG, from 
The Dow Chemical Co., U.S.A., and Metalose SH from Shin- 
Etsu, Ltd., Japan), each of which has a different chemical 

15 composition with a methoxyl content within the range of 

16.5 to 30 weight-%, a hydroxypropoxyl content within the 
range of 4 to 32 weight-% and each of which is available 
in various viscosity grades. 

Commercial designations of the various cellulose 

20 ethers are based on the viscosities of 2% aqueous 

solutions at 20 ^'C. The viscosities range from 5 cps to 
100,000 cps and represent number average molecular weights 
ranging from below 10,000 to over 150,000, as calculated 
from the data in "Handbook of Methocel Cellulose Ether 

25 Products" (The Dow Chemical Co., 1974). 
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Christenson and Dale (U.S. Pat. No. 3,065,143) 
and Huber, Dale and Christenson (J. Pharm. SCi., 55_, 
974 (1966) disclosed the preparation of a sustained 
release drug tablet wherein a high viscosity grade, 
5 i.e. high molecular weight, hydroxypropylmethylcellulose , 
was present as binder to the extent of at least one 
third of the weight of the tablet. The binders included 
4000 cps viscosity grade Methocel 60rIG, now known as 
Methocel E4M, having a 28-30 weight-7o methoxyl content, 

10 a 7.5-12 weight-7o hy droxypropoxyl content and a number 
average molecular weight of 93,000, as well as 4000 cps 
and 15,000 cps viscosity grades Methocel 90HG, now 
known as Methocel K4M and Methocel K15M, respectively, 
having a 19-24 weight-7o methoxyl content, a 4-12 weight-7o 

15 hydroxypropoxyl content and number average molecular 
weights of 89,000 and 124,000, respectively. 

Christenson and coworkers proposed that water was 
rapidly absorbed and formed a gel barrier on the surface 
of the tablet. Drug release was controlled by drug 

20 diffusion from and attrition of the gel barrier. 

Christenson and Huber (U.S. Pat. No. 3,590,117) 
reported that neither low viscosity grade hydroxypropyl- 
methylcellulose nor high viscosity grade, i.e. 15,000 
cps, hydroxypropylmethylcellulose made acceptable long- 

25 lasting troches. 

Lapidus (Dissertation, Rutgers State University, 
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1967) and Lapidus and Lordi (J. Pharm. Sci, , 55^, 840 
(1966); 57, 1292 (1968) studied the use of high 
viscosity grade methy Icellulose (4000 cps viscosity 
grade Methocel MC now designated as Methocel A4M) 
5 and/or low and high viscosity grade hydroxypropylmethyl- 
cellulose (25 cps and 15,000 cps viscosity grade 
Methocel 90HG now designated as Methocel K25 and Methocel 
K15M, respectively) in compressed pharmaceutical tablets 
and confirmed the proposal of Chris tenson et al. that 

10 drug diffusion and attrition of the hydrated layer 
detemnined the rate of drug release, 

Salomon, Doelker and Buri (Pharm. Acta Helv. , 54^ 
(3), 82 (1979) disclosed the use of 15,000 cps viscosity 
grade Methocel 90HG (now designated as Methocel K15M) in 

15 a tablet containing potassium chloride. 

Sheth and Tossounian (U.S. Pat, Nos. 4,126,672; 
4,140,755; 4,167,558) disclosed solid dosage forms con- 
taining 4000 cps viscosity grade methylcellulose or 
hydroxypropylmethylcellulose in combination with various 

20 additives including gas -generating compounds, e.g. 

calcixom carbonate, and inert fatty materials, so as to 

be hydrodynamically balanced so that they have a bulk densit; 

of less than one in contact with gastric fluid. 

Schor, Niaglaye and Gaylord (U.S. Pat. Uo , 4,389,393 

25 disclosed sustained release solid unit dosage forms in whic! 
the carrier base material constituted less than one third 
of the weight of the dosage form and consisted of hydroxy- 
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propylmethylcellulose of at least 4000 cps viscosity 
grade, having a methoxyl content of 16-24 weight-7o, 
a hydroxypropoxyl content of 4-3 2 weiglit-% and a 
number average molecular weight of at least 50,000, 
5 i.e. Methocel J and Methocel K or Metalose 90SH. 

The use of high viscosity grades of methyl- 
cellulose Methocel A and hydroxypropylmethy Icellulose 
Methocel E, Methocel F and Methocel K, in sustained 
release solid drug dosage forms is also described in a 
10 technical bulletin "Formulating Sustained Release 

Pharmaceutical Products with Methocel" (The Dow Chemical 
Co. , 1982) . 

The cited prior art discloses that high viscosity 
grades of hydroxypropylmethy Icellulose of various 

15 chemical compositions are useful in the preparation of 
sustained release solid drug dosage forms. However, 
Schor, Nigalaye and Gaylord (U.S. Pat. No, 4,369,172) 
disclosed that effective prolonged release therapeutic 
compositions were prepared by using as a carrier base 

20 material, a low viscosity grade hydroxypropylmethyl- 
cellulose having a hydroxypropoxyl content of 9-12 
weight-% and a number average molecular weight of less 
than 50,000. 

Lowey and Stafford (U.S. Pat, No. 3,870,790) and 
25 Schor (U.S. Pat. No. 4,226,849) disclosed that effective 
sustained release tablets were produced by using as 
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carrier base material, a modified low viscosity grade 
hydroxypropylmGthylcellulose having a hydroxypropoxyl 
content of less than 9 weight -7o and a number average 
molecular weight of 23,000, e.g. Methocel E50. The 
5 modification was carried out by exposure of the low 
molecular weight hydroxypropylmethylcellulose to high 
humidity or moisture and drying in air, resulting in 
an increase in the carboxyl content of the polymer, 
Lowey (U.S. Pat. No. 4,259,314) disclosed the 

10 use of a mixture of hydroxypropylmethylcellulose having 
a viscosity in the range of 50 to 4000 cps, and hydroxy- 
propylcellulose in the preparation of a controlled 
release pharmaceutical composition. 

The present invention is directed toward further 

15 improvements in carrier base materials containing 

nonionic cellulose ethers for use in the preparation of 
prolonged release solid phairmaceut ical unit dosage forms . 
TTiese improvements result from the presence of an anionic 
surfactant . 

20 The addition of 17a of some anionic salts of alkyl 

sulfates, alkyl sulfonates or alkylaryl sulfonates to 17o 
aqueous solutions of methylcellulose (Methocel A) or 
hydroxypropylmethylcelluloses (Methocel E, Methocel F and 
Methocel K) results in an increase in the viscosity of 

25 the cellulose ether solution ("Handbook on Methocel 
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Cellulose Ether Products", The Dow Chemical Co., 1975). 

An increase in the rate of solution of a drug 
results from the presence of anionic surfactants , such 
as dioctyl sodium sulf osuccinate and/or sodium lauryl 
sulfate, in the dissolution medium or incorporated into 
compressed drug tablets, containing water-insoluble 
binders, including polyethylene (Desai et al . , J. Pharm. 
Sci., 54. 1459 (1965); 55.. 1224, 1230 (1966). polyvinyl 
chloride (Desai et al . , J. Pharm. Sci., 55. 1235 (1966) 
and wax (Dakkuri et al . . J. Pharm. Sci., 67, 354 (1978); 
Chambliss, J. Pharm. Sci., 70, 1248 ('1981). The presence 
of sodium lauryl sulfate in a quinine sulfate tablet 
containing a polyamide binder, decreased the rate of 
solution of the drug at pH 1.5 but had little effect at 
pH 7.5 (Choulis et al . , Pharmazie, 3£, 233 (1975). 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
carrier base material for use in the preparation of 
orally, bucally, sublingually , etc., administered lozenges 
and tablets, as well as suppositories and other solid unit 
dosage forms which have a controlled and prolonged release 
pattern for a systemically absorbable medicament or active 
ingredient incorporated therein. 

Another object of the present invention is to 
provide a carrier base material which retards the rapid 



01576Sii" 

initial release of the active medicament from solid dosage 
forms containing water-soluble nonionic cellulose ethers, 

A further object of the present invention is to 
provide a carrier base material having a more prolonged 
5 release pattern of the active medicament from water-soluble 
nonionic cellulose ethers. 

It has now been found that these improvements in a 
carrier base material can be achieved by admixture of an 
anionic surfactant and a high viscosity grade water-soluble 
10 nonionic cellulose ether. 

DETAII>ED DESCRIPTION OF THE 
INVENTION 

According to the present invention, it has now been 
found that important advantages and improvements over prior 

15 art products containing water-soluble nonionic cellulose 
ethers as carrier base materials can be obtained by ad- 
mixture of an anionic surfactant with a high viscosity grad* 
nonionic cellulose ther. 

The nonionic cellulose ethers which are effective in 

20 the present invention include, but are not limited to, 

commercially available, high viscosity grades of methylcel- 
Lulose, including 1500 and 4000 cps viscosity grades of 
Methocel A and Metalose SM, as well as high viscosity grade 
of hydroxypropylmethylcellulose , including the 4000 cps 

25 viscosity grades of Methocel E and Metalose 60SH, the 4000 
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cps viscosity grades of Methocel F and Metalose 65StI, the 
5,000, 12,000, 20,000 and 75,000 cps viscosity grades of 
Methocel J and the 4000, 15,000 and 100,000 cps viscosity 
grades of Methocel K and the 4000, 15,000 and 39,000 cps 
5 viscosity grades of Metalose 90SH. 

The use of high viscosity grades of one or more 
nonionic cellulose ethers as the carrier base material in 
a solid unit dosage form, has been disclosed in U.S. Pat. 
No. 3,065,143, 4, 389,393, etc., and various articles 
10 (loc. cit.). Although these solid dosage forms, e.g. 
tablets, are characterized by prolonged or sustained 
release of the active medicament, frequently the release 
of the medicament during the initial period after the ad- 
ministration of the dosage form, is significantly more 
15 rapid than in subsequent periods. This rapid release 
represents a dumping of the medicament into the gastro- 
intestinal tract, particularly when the carrier is present 
in low concentrations. This results in an excessive 
initial concentration of medicament and also reduces the 
20 amount of medicament available for release during sub- 
sequent periods, i.e. it shortens the total release time. 

It has surprisingly been found that controlled 
release, with a decreased tendency for dumping of the 
active medicament during the initial release period, as 
25 well as prolonged release may be obtained from solid 
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dosage forms in which the carrier base consists of a 
mixture of an anionic surfactant and a water-soluble 
nonionic cellulose ether such as methylcellulose or 
hydroxypropylmethylcellulose, having a number average 
5 molecular weight of at least 50,000. 

The anionic surfactants which are effective in 
the present invention include alkali metal sulfates of 
linear and branched alcohols, ethoxylated alcohols, 
efchoxylated alkylphenols , ethoxylated acids, ethoxylated 

10 amides, oils, fatty esters, etc., alkali metal salts of 
sulfonates of naphthalene, alkylnaphthalenes , naphthalene 
condensates, alkyl-substituted benzenes, diphenyl 
derivatives, a-olefins, petroleum, oils, fatty acids, etc., 
as well as the alkali metal salts of dialkyl sulfo- 

15 succinates . 

Representative anionic surfactants include sodium 
or potassium dodecyl sulfate, sodium octadecyl sulfate, 
sodium sulfated castor oil, sodium dodecylbenzene sulfonate, 
sodium linear alkylate sulfonate, sodium sulfonated mineral 

20 oil, sodium petroleum sulfonate, sodium salt of naphthalene- 
sulfonic acid-formaldehyde condensate, dioctyl sodium 
sulfo succinate and the like. 

The weight ratio of anionic surfactant to nonionic 
cellulose ether in the solid dosage forms may be from 

25 0.005/1 to 3/1. The solid dosage forms may contain from 
5 to 95 weight-% of the nonionic cellulose ether. 

The nonionic cellulose ethers of the present 



invention may be used with or without prior humidif ication 
or similar treatment and when mixed with the anionic 
surfactant and an active medicament, the mixture has 
excellent compressibility and the tablets prepared there- 
from are hard and dense, have low friability and provide 
controlled and prolonged release over an extended period. 

Solid drug forms containing the mixture of anionic 
surfactant and nonionic cellulose ether of the present 
invention are stable and the release rate does not change 
over an extended period of storage. 

A nonionic cellulose ether having a number average 
molecular weight of at least 50.000 can be used as the 
sole cellulose ether, in admixture with an anionic 
surfactant, in the carrier base material or can be used 
in admixture in all proportions with other nonionic 
.cellulose ethers having the same or different structure,, 
with a number average molecular weight of at least 
50.000. 

A nonionic cellulose ether of the present 
invention can be optionally mixed with about 0 to 307. by 
weight of the mixture of a cellulose ether with the same 
or different structure and a number average molecular 
weight below 50.000 or sodium carboxymethylcellulose or 
other cellulose ether. 

The active ingredient can be of any type of 
medication which acts locally in the mouth or systemi- 
cally. which in the case of the latter, can be admin- 
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istered orally to transmit the active medicament into 
the gastrointestinal tract and into the blood, fluids 
and tissues of the body without excessive peak con- 
centrations occurring. Alternatively, the active 
5 ingredient can be of any type of medication which acts 
through the buccal tissues of the mouth to transmit 
the active ingredient directly into the blood stream 
thus avoiding first pass liver metabolism and by-passing 
the gastric and intestinal fluids which have an adverse 

10 inactivating or destructive action on many active 

ingredients unless they are especially protected against 
such fluids as by means of an enteric coating or the 
like. The active medicament can also be of a type of 
medication which can be transmitted into the blood 

15 circulation through the rectal tissues. Thus, the 

invention is applicable to sublingual lozenges, buccal 
tablets , suppositories and compressed tablets. The 
latter are intended to be swallowed in unit dosage form 
and upon ingestion according to a prescribed regimen 

20 give controlled and slow release of the active medicament, 
while being protected against inactivating gastric fluids. 

Representative active medicaments include antacids, 
anti -inflammatory substances, coronary vasodilators, 
cerebral vasodilators, peripheral vasodilators, anti- 

25 infectives , psychotropics , antimanics , stimulants, anti- 
histamines, laxatives, decongestants, vitamins, gastro- 
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intestinal sedatives, antidiarrheal preparations, anti- 
anginal drugs, antiarrythmics , anti-hypertensive drugs, 
vaso-constrictors and migraine treatments, anticoagulants 
and antithrombotic drugs, analgesics, anti-pyretics , 
hypnotics, sedatives, anti -emetics , anti-nauseants, 
anticonvulsants, neruomuscular drugs, hyper- and hypo- 
glycaemic agents , thyroid and antithyroid preparations , 
diuretics, antispasmodics, uterine relaxants, mineral 
and nutritional additives, antiobesity drugs, anabolic 
drugs, erythropoietic drugs, antiasthmatics, expectorants, 
cough suppressants, mucolytics, antiuricemic drugs, and 
other drugs or substances acting locally in the mouth, 
such as topical analgesics, local anaesthetics, etc. 

The mixture of anionic surfactant and nonionic 
cellulose ether having a number average molecular weight 
of at least 50,000, forms what is called a long-acting, 
slow dissolving carrier of such a nature that it has a 
protective, demulcent and buffering effect in the body and 
causes the active medicament to exert its optimum thera- 
peutic action immediately and incrementally for an 
extended period of time, so that full therapeutic advantage 
can be taken of the entire or substantially the entire 
amount of active medicament administered. This unexpectedly 
high degree of efficiency is a particular advantage of the 
invention and minimizes the side effects of the medication. 

In making up tablets containing an orally admin- 
is trable systemically absorbable active component such as 
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one of tne heretofore mentioned medicaments, the nonionic 
cellulose ether and the anionic surfactant are thoroughly 
intermixed with the medicament which is in powdered or 
granular form or in solution, and any other needed in- 
5 gradients which are conventional in tablet making such 
as magnesium stearate, stearic acid, lactose, starch, 
fumed silica, hydrogenated vegetable oil and, in general, 
binders, fillers, disintegrating agents and the like. 
The nonionic cellulose ether and the surfactant may be 

10 mixed in water, alcohol or other media known in the art, 
and dried to produce granules before intermixing with 
the medicament and other ingredients. Alternatively, the 
medicament may be granulated with nonionic cellulose 
ether and surfactant before intermixing with the other 

15 ingredients . 

The complete mixture, in an amount sufficient to 
make a uniform batch of tablets, e.g. 50,000, of which 
each contains an effective amount of active medicament, is 
then subjected to tab letting in conventional tablet ting 

20 machines at compression pressures of 140 to 1125 kg/sq. cm. 
and, because of the use of the specific carrier material 
of this invention in the production of the tablets, a 
product is obtained which has the desired hardness, low 
level of friability and a predetermined controlled and 

25 prolonged action and a regular delayed release pattern so 
that the medicament is available over a period of 0.25-36 
hours, depending on the precise tablet size, hardness and 
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the particular carrier composition. In this way, it is 
possible to produce controlled and slow continuous 
release tablets in relatively simple and economical 
manner on a commercial scale as contrasted with the 
more elaborate and more complex materials and procedures 
heretofore employed or proposed. 

The moisture content of the carrier used in the 
preparation of the controlled release tablets may be in the 
0.1-10% range, the lower end of the range being preferable 
when moisture sensitive medicaments are used. If the 
moisture content is outside of this range, it may be brought 
within the range by the use of ambient or hot, dry or wet 
air, using appropriate equipment including static, con- 
vection, forced air or vacuum chambers or other equipment 
well known to those skilled in the art. The moisture 
content of the carrier during tabletting influences the 
integrity of the tablet obtained under a given compression 
pressure. However, the moisture content has less influence 
on the controlled release characteristics than the 
composition of the carrier and its concentration. 

The release pattern of active medicament from the 
carrier of the present invention can be controlled 
according to the particular medication and its intended 
therapeutic effect. For a sublingual lozenge or tablet, 
the release pattern may be varied from 0.25 to 4 hours. 
For buccal tablets, the release period may be 0.25 to 24 
hours. For orally administered tablets, the release 
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time may be 2-4 hours, 4-8 hours, 8-10 hours, 10-12 hours, 
15-18 hours, 20-24 hours, etc., as desired. For vaginal 
and rectal suppositories, the release pattern ranges from 
2 to 36 hours and can be more or less where indicated. 
Predetermined release patterns of unusually reliable 
characteristics can be secured. The invention is of very 
versatile and adaptable nature giving it a wide range of 
application and end use. 

The following illustrative embodiments of the 
disclosures of the present invention are non-limiting 
and variations will be obvious to those skilled in the 
art. 

EXAMPLES 1-2 

Controlled release ascorbic acid tablets were pre- 
pared from 90% granulation ascorbic acid (907o ascorbic 
acid, 97a lactose and 1% food starch) and 50 cps viscosity 
grade hydroxypropylmethy Icellulose (Methocel E50 having a 
28-30 weight-% methoxyl content, a 7.5-12 weight-% 
hydroxypropoxyl content and a number average molecular 
weight of 23,000). The tablets were prepared in the 
absence and in the presence of granular dioctyl sodium 
sulfosuccinate (DSS granular - USP containing 857a DSS and 
15% sodium benzoate) . 
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The 5 76 mg ascorbic acid tablets were prepared from 
the following ingredients: 





Example 


No. 




1 


2 


5 Ingredients 


mg/ tablet 


mg/ tablet 


1. Ascorbic acid (907o 
granulation) 


• 640 


640 


2. Hydroxypropylmethylcellulose 
(Methocel E50) 


50 


50 



10 3. Hydrogenated vegetable oil 

(Lubritab) 10 10 

4. Dioctyl sodium sulfo- 
succinate 

(DSS granular - USP) 0 50 



15 Ingredients 1 and 2 were mixed, ingredient 3 was 

added to the blend and, after mixing, was followed by 
ingredient 4. The mixture was blended for 20 minutes and 
then subjected to compression in a Parr pellet press using 
a 12.7 mm die. The hardness of the tablets was determined 

20 on a Pennwalt Stokes hardness tester. 

The release rate was determined by using the rotating 
basket dissolution apparatus described in USP XX, page 959. 
The basket was rotated at a speed of 100 rpm. The dissolu- 
tion medium was deareated distilled water through which 

25 nitrogen was bubbled throughout the test period to prevent 
oxidation of the ascorbic acid released into the medium. 



0 1576.9 5 

The medium was maintained at 37 °C. The concentration of 
ascorbic acid released into the pH 7 aqueous dissolution 
medium was determined iodometrically in accordance with 
the USP procedure. 
5 The 576 mg ascorbic acid tablets had the following 

properties : 



Example No. 
1 2 





DSS 




Absent 


Present 


10 


V7eight , rag 




700 




750 




Thickness, mm 




4.3 




4.5 




Hardness, kg 




4.0 




5.0 




Release rate 




Cumulative 




Cumulative 




Hour 




7o 


% 


% 


15 


1 


76 


.8 76.8 


53 .2 


53.2 




2 


14 


.2 91.0 


34.4 


87.6 




3 


9 


.0 100.0 


9.7 


97.3 



The presence of the dioctyl sodium sulf osuccinate 
clearly decreased the amount of ascorbic acid dumped 
20 during the first hour, but had little effect on prolonging 
the release time. 
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EXAMPLES 3-4 

Controlled release ascorbic acid tablets were 
prepared from a 90/10 ascorbic acid/ethyl cellulose 
granulate and 4000 cps viscosity grade hydroxypropy 1- 
5 methylcellulose (Methocel E4M having a 28-30 weight-7o 
methoxyl content, a 7.5-12 weight-7o hydroxypropoxy 1 
content and a number average molecular weight of 
93,000). The tablets were prepared in the absence and 
in the presence of the sodium salt of a naphthalenesul- 
10 fonic acid-formaldehyde condensate (Tamol N) . 

The 612 mg ascorbic acid tablets were prepared 
from the following ingredients: 



Example No , 









3 


4 


15 




Ingredients mg/ tab let 


mg/ tablet 




1. 


Ascorbic acid 


612 


612 




2. 


Ethyl cellulose 


68 


68 


20 


3. 


Hydroxypropy Imethyl - 
cellulose 
(Methocel E4H) 


63 


63 




4. 


Hydrogenated vegetable 
oil 


7 


7 


25 


5. 


Sodiiim salt of naphthal- 
enesulfonic acid- 
formaldehyde condensate 
(Tamol N) 


0 


7 
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Ingredients 1 and 2 were granulated in 95% aqueous 
isopropanol. The granulate and ingredient 3 were mixed, 
ingredient 4 was added to the blend and, after mixing, 
was followed by ingredient 5. The mixture was blended 
5 for 20 minutes and then subjected to compression in a 
Parr pellet press using a 12.7 mm die. 

The release rate was determined by using the 
rotating basket dissolution apparatus with the basket 
rotating at 100 rpm. The dissolution medium was a pH 
10 1.5 aqueous HCl solution which was maintained at 3 7°C. 

The 612 mg ascorbic acid tablets had the fol- 
lowing properties : 



Example No. 







3 




4 


15 


Tamol N 


Absent 




Present 




Weight, mg 


750 




757 




Thickness , nm 


4.5 




4.5 




Hardness , kg 


6.0 




6.0 




Release rate 


Cumulative 


Cumulative 


20 


Hour 


% % 


c 






1 


95.3 95.3 


55 


.6 55.6 




2 


2.1 97.4 


22 


.7 78.3 




3 




11 


.1 89.4 




4 




5 


.5 94.9 


25 


5 




2 


.1 97.4 
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The presence of the sodium salt of the naphthalene- 
sulfonic acid-formaldehyde condensate resulted in a 
greatly reduced initial rate of release of ascorbic acid. 
Further, while the tablet containing the surfactant re- 
5 mained intact after 5 hours, when essentially all of the 
medicament had already been released, the tablet contain- 
ing no surfactant disintegrated within 2 hours . 

EXAMPLES 5-6 

Controlled release hematinic ferrous sulfate 
10 tablets were prepared from anhydrous ferrous sulfate and 
4000 cps viscosity grade hydroxypropylmethylcellulose 
(Methocel E4M) . The tablets were prepared in the 
absence and in the presence of sodium dodecyl sulfate 
(SDS). 

15 The 250 mg ferrous sulfate tablets were prepared^ 

from the following ingredients: 

Example No. 







5 


6 




Ingredients 


mg/ tablet 


mg/ tablet 


20 1. 


Ferrous sulfate, anhydrous 


250 


250 


2. 


Hydroxypropylmethylcellulose 
(Methocel E4M) 


200 


200 


3. 


Hydrogenated vegetable oil 


5 


5 


4. 

25 


Sodium dodecyl sulfate 
(997o) (SDS) 


0 


12.5 
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The ingredients were mixed in the same manner as 
in Examples 1-2. The mixture was subjected to compression 
in a Parr pellet press using a 9.525 mm die. 

The release rate was determined by using the 
5 rotating basket dissolution apparatus with the basket 

rotating, at 100 rpm. The dissolution medium was a pH 1.5 
aqueous HCl solution which was maintained at 37 "C. 

The 250 mg ferrous sulfate tablets had the fol- 
lowing properties : 



10 



Example No 



SDS 

Weight, mg 
Thickness , mm 
15 Hardness, kg 



Absent 
455 
4.2 
9.0 



Present 
467.5 
4.1 
8.5 



20 



Release rate 
Hour 

1 
2 
3 
4 
5 
6 



7o 



Cumulative 
7o 



48.5 48.5 
20.8 69.3 
34.1 103.4 



Cumulative 



42.0 
20. 1 
12.0 
12.0 
13.5 
2.7 



42.0 
62. 1 
74.1 
86 .1 
99.6 
102.3 
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The tablet containing no surfactant disintegrated 
in the third hour while the surfactant-containing tablet 
was still essentially intact although deformed after the 
s ixth hour . 

5 EXAI4PLES 7-8 

Controlled release hematinic tablets were prepared 
from anhydrous ferrous sulfate and 4000 cps viscosity 
grade hydroxypropylmethylcellulose (Methocel E4M) . The 
tablets were prepared in the absence and in the presence 
10 of the sodium salt of naphthalenesulf onic acid-formaldehyde 
condensate (Tamol N) . 

The 250 mg ferrous sulfate tablets were prepared 
from the following ingredients : 





Example 


No . 




7 


8 


Ingredients 


mg/ tablet 


mg/ tablet 


1. Ferrous sulfate, 
anhydrous 


250 


250 


2. Hydroxypropylmethyl- 
cellulose 
(Methocel E4M) 


225 


225 


3. Hydrogenated vegetable 
oil 


5 


5 


4. Sodium salt of naphthal- 
enesulfonic acid-form- 
aldehyde condensate 
(Tamol N) 


0 


25 



Ingredients 1 and 2 were mixed, ingredient 3 was 
added and, after mixing, was followed by ingredient 4. 
The mixture, after blending for 20 minutes, was subjected 
to compression in a Parr pelle.t press using a 9.525 mm 
die. 

The release rate was determined in pH 1.5 aqueous 
HCl at 37*^0 in the same manner as in Examples 5-6. 

The 250 mg ferrous sulfate tablets had the fol- 
lowing properties: 



Example No . 





7 


8 


Tamol N 


Absent 


Present 


Weight, mg 


480 


505 


Thickness, mm 


4.5 


4.8 


Hardness, kg 


9.5 


9.5 


Release rate 


Cumulative 


Cumulative 


Hour 






1 


37.5 37.5 


34.5 34.5 


2 


13.7 51.2 


16.3 50.8 


3 


43.1 94.3 


25.3 76.1 



4 - - 10.6 86.7 
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EXAt4PLES 9-10 

Controlled release tablets were prepared from 
anhydrous ferrous sulfate and 4000 cps viscosity grade 
methylcellulose (Methocel A4M having a 27.5-31.5 
weight-7o methoxyl content and a number average molecular 
weight of 86,000). The tablets were prepared in the 
absence and in the presence of a sodium linear alkylate 
sulfonate (Ultrawet 40DS , a 407o aqueous solution). 

The 250 mg ferrous sulfate tablets were prepared 
from the following ingredients:. 



Example No. 





9 


10 


Ingredients 


mg/ tablet 


mg/ tablet 


1. Ferrous sulfate, anhydrous 


250 


250 


2, Methylcellulose 
(Methocel A4M) 


210 


210 


3. Hydrogenated vegetable oil 


5 


5 


4. Sodium linear alkylate 
sulfonate 
(Ultrawet 40DS) 


0 


40 



Ingredients 2 and 4 were granulated by mixing the 
407„ aqueous solution of ingredient 4 with ingredient 2 



and drying. The granulate or ingredient 2 and ingredient 
1 were mixed, ingredient 3 was added to the blend and, 
after mixing for 20 minutes, the mixture was subjected to 
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compression in a Parr pellet press using a 9.525 mm die. 

The release rate was deterrnined in pH 1.5 aqueous 
HCl at in the same manner as in Examples 5-6. 

The 250 mg ferrous sulfate tablets had the fol- 
5 lowing properties : 



Example No. 



9 10 

Ultrawet 40DS Absent Present 

Weight, mg 465 * 481 

10 Thickness, mm 4.8 4,3 

Hardness, kg 9.5 9.0 



Release rate Cumulative Cuniulative 

Hour % % 7o % 

1 96.0 96.0 69.5 69.5 

15 . 2 . - - 32.2 101.7 



The tablet containing no surfactant disintegrated 
in 30 minutes . 

EXAMPLES 11-12 

Controlled release tablets were prepared from 
20 anhydrous ferrous sulfate and 4000 cps viscosity grade 
hydroxypropylmethylcellulose (Methocel E4M) . The 
tablets were prepared in the absence and in the presence 
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of high purity sodium dodecy Ibenzenesulf onate (Siponate 
DS-10) . 

The 250 mg ferrous sulfate tablets were prepared 
from the following ingredients: 



5 


Example 






11 


12 


Ingredients 


mg/ tablet 


mg/ tablet 


1. Ferrous sulfate, 
anhydrous 


250 
• 


250 



10 2. Hydroxypropylmethyl- 
cellulose 
(Mechocel E4M) 



3, Hydrogenated vegetable 

oil 5 5 

15 4. Sodium dodecy Ibenzene- 
sulf onate 

(Siponate DS-10) 0 50 



Ingredients 2 and 4 were granulated in 95% aqueous 
isopropanol. The granulate or ingredient 2 and ingredient 
20 1 were mixed and ingredient 3 was added to the blend. 

After mixing for 20 minutes, the mixture was subjected to 
compression in a Parr pellet press using a 9.525 mm die. 
The release rate was determined in pH 1.5 aqueous 
HCl in the same manner as in Examples 5-6. 
25 The 250 mg ferrous sulfate tablets had the 

following properties : 
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Example No. 





11 


12 


Siponate DS-10 


Absent 


Present 


Weight , mg 


455 


505 


5 Thickness, nnn 


4.1 


4.7 


Hardness, kg 


10.5 


10.0 



Release rate Cumulative Cumulative 

Hour % % % 7o 



1 


47.5 


47.5 


35.0 


35.0 


2 


10.8 


58.3 


15.8 


50.8 


3 


13.4 


71.7 


14.2 


65 .0 


4 


13.2 


84.9 


13.7 


78.7 


5 


11.5 


95.4 


4.1 


82.8 


6 






13.2 


96.0 



15 EXAMPLES 13^14 

Controlled release 300 mg theophylline tablets 
were prepared from granular anhydrous theophylline 
and 15,000 cps viscosity grade hydroxypropylmethyl- 
cellulose (Methocel K15M having a 19-24 weight-% 
20 methoxyl content, a 4-12 weight-% hydroxypropoxyl 
content and a ninnber average molecular weight of 
124,000). The tablets were prepared in the absence 
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and in the presence of granular dioctyl sodium sulfo- 
succinate (DSS granular - USP containing 857o DSS and 
157o sodium benzoate) . 

The 300 mg theophylline tablets were prepared 
5 from the following ingredients: 



Example No. 



13 14 



Ingredients grams mg/ tablet mg/ tab let 



10 


1. 


Theophylline, 
anhydrous 


61.2 


306 




306 




2. 


Hy dr oxy p r op y line t hy 1 - 
cellulose 
(Methocel K15M) 


7.2 


36 




36 


15 


3. 


Dioctyl sodium sulfo- 
succinate 

(DSS granular - USP) 


7.2 


0 




36 




4. 


Fumed silica 

(Cab-O-Sil M-5) 


0.3 


1. 


5 


1.5 




5. 


Stearic acid 


0.7 


3. 


5 


3.5 


20 




Ingredients 1 and 


2 were 


mixed. 


ingredient 


3 was 



added to the blend and, after mixing, was follov7ed by 
ingredients 4 and 5. The mixture was blended for 20 
minutes and then subjected to compression in a tab letting 



machine having a 13.84 x 7.62 mm punch, under a com- 
pression pressure of 280 kg/sq. cm. to make 200 caps 
shaped tablets bisected on one side. 
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The release rate was determined in deaerated water 



at 37^*0 and 100 rpm by using the rotating paddle apparatus 
described in USP XX, page 959, 



The 300 mg 


theophylline tablets 


had 


the following 


properties : 










Example No. 






13 




14 


DSS 


Absent 


Present 


Weight, mg 




347 




383 


Release rate 




Cumulative 




Cumulative 


Hour 


"L 


% 




% 


1 


27.1 


27.1 


17.2 


17.2 


2 - . 


18.4 


45.5 


13.6 


30.8 


3 


20. 6 


66.1 


16.6 


47.4 


4 


17.0 


83.1 


23.2 


70.6 


5 


10.2 


93.3 


17.9 


88.5 


6 


7,6 


100.9 


8.7 


97.2 


7 






4.6 


101.8 



EXAMPLES 15-16 

Controlled release 160 tag propranolol tablets 
were prepared from propranolol hydrochloride and 
4000 cps viscosity grade hydroxypropylmethylcellulose 
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(Methocel K:4fl having a 19-24 weight-7o methoxyl content, 
a 4-12 weight-7o hydr oxypropoxyl content and a number 
average molecular x<reight of 89,000). The tablets were 
prepared in the absence and in the presence of sodium 
5 dodecylbenzenesulf onate (SDBS) . 

The 160 mg propranolol tablets were prepared from 
the following ingredients: 













No. 












15 


16 


10 




Ingredients 


grains 


mg/ tablet 


grams 


mg/ tablet 




1. 


Propranolol hydro- 
chloride 


48 


160 


12. 8 


160 


15 


2. 


Hydroxypropylmethyl- 
cellulose 
(Methocel K4M) 


45 


150 


12 


150 




3. 


Sodium dodecylben- 
zenesulf onate 
(SDBS) 


0 


0 


4 


50 


20 


4. 


Fumed silica 

(Cab-O-Sil M-5) 


0.5 


1.5 


0.12 


1.5 




5. 


Stearic acid 


1.1 


3.5 


0.28 


3.5 



Ingredient 3 was dissolved in 10 ml water and one- 
third of ingredient 2 was added and mixed to form a paste 
The latter was dried at 60 °C for 1 hour and placed in a 
desiccator overnight. The granulate was ground to pass 
through a 40 mesh sieve. The granulate was mixed with 
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the remainder of ingredient 2, followed by ingredient 1 
and, after mixing, was followed by ingredients 4 and 5. 
The mixture was blended for 20 minutes and then sub- 
jected to compression in a tabletting machine having a 
10.32 ram diameter round punch, under a compression 
pressure of 280 kg/sq, cm. , to make 300 round tablets 
without surfactant and 80 round tablets containing sur- 
factant . 

The release rate was determined in deaerated 
water at 37°C in the same manner as in Examples 13-14. 



0157695 

The 160 mg propranolol tablets had the fol- 
lowing properties : 



15 









Example 


No. 










15 


16 




SDBS 






Absent 


Present 




Weight, 


mg 




315 


365 




Release 


rate 




Cumulative 


Cumulative 


Hour 




7o 


7o 


7o 


% 


1 




13. 1 


13.1 


11.2 


11.2 


2 




15. 8 


28.9 


8.5 


19.7 


3 




12. 9 


41.8 


7.7 


27.4 


4 




10.3 


52. 1 


5.7 


33.1 


5 




13. 1 


65. 2 


6.3 


39.4 


6 




9.7 


74.9 


3.7 


43.1 


7 




6.8 


81. 7 


4.1 


47.2 


Q 
O 




7 7 


89 4 


5.2 


52.4 


10 




9.7 


99.1 


12. 0 


64.4 


12 








5.4 


69.8 


14 








5.1 


74-9 


16 








5.6 


80.5 


18 








1.2 


81.7 




The 


foregoing is exemplary and illustrative of 


compositions 


and products responding 


to the present 


invention, but it is 


to be understood 


that they 


are not 



25 limitative since many active medicaments of various types 
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can be employed in the new controlled and long- las ting 
carrier so long as they are absorbable into blood or 
tissue from the general intestinal tract and other 
bodily surfaces and areas. The medicaments shown in 
our U.S. Pat. No. 4,369,172 may be used in the practice 
of the present invention and are incorporated herein 
by reference. The invention is also intended to cover 
other dosage forms or forms for application of controlled 
release ingredients such as vaginal and rectal sup- 
positories and buccal tablets. Lozenges and compressed 
tablets particularly act on oral, oropharyngeal, 
pharyngeal and intestinal regions. The total dosage is 
governed by usual medical considerations or physician's 
directions and when sufficiently large doses of active 
medicament are incorporated into the unit dosage form, 
systemic as well as local action is obtained to over- 
come or control the pathological condition or disorder 
being treated. 
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CLAIMS 

1. A carrier base material combined with a 
therapeutically active medicament and shaped and 
compressed to a solid unit dosage form having a 
controlled and prolonged release pattern upon ad- 
ministration, the carrier base material being a 
mixture of one or more water-soluble nonionic 
cellulose ethers and an anionic surfactant, and 
wherein at least one of the cellulose ethers is 
methylcellulose or hydroxypropylmethylcellulose 
having a ntamber average molecular weight of at 
least 50,000. 

2. A composition according to claim 1 wherein 
the nonionic cellulose ether is methylcellulose . 

3. A composition according to claim 1 wherein 
the nonionic cellulose ether is hydroxypropylmethyl- 
cellulose . 

4. A composition according to claim 1 wherein 
the anionic surfactant is an alkali metal salt of an 
organic sulfate. 

5. A composition according to claim 4 wherein 
the organic sulfate is selected from the group con- 
sisting of C3-C24 alcohol sulfates. 

6. A composition according to claim 4 wherein 
the organic sulfate is the sulfate of an ethoxylated 
compound. 
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7. A composition according to claim 1 wherein 
the anionic surfactant is an alkali metal salt of an 
organic sulfonate . 

8. A composition according to claim 7 wherein 
the organic sulfonate is an aryl sulfonate. 

9. A composition according to claim 7 wherein 
the organic sulfonate is a dialkylsulf osuccinate . 

10. A method for the preparation of a thera- 
peutically active solid unit dosage form having a 
controlled and prolonged release pattern upon admin- 
istration, consisting of compressing and shaping a 
mixtxire of a therapeutically active medicament and a 
carrier base material consisting of a mixture of one 
or more water-soluble nonionic cellulose ethers and an 
anionic surfactant, and wherein at least one of the 
cellulose ethers is methylcellulose or hydroxypropyl- 
TBethylcellulose having a number average molecular 
weight of at least 50,000. 



J 



Europiisches Patentamt 
@ ^Jil European Patent Office (n) publication number: 0 157 695 

Office europ6en des brevets A3 



® EUROPEAN PATENT APPLICATION 

@ Application number: 85400555.0 © Int. CI/: A 61 K 9/22 

(22) Date of filing: 22.03.85 



® Priority: 26.03.84 US 592570 


(7^ Applicant: Forest Laboratories. Inc. 


919 Third Avenue 


^3) Date of publication of appticaiion: 


New York. N.Y. 10022(US) 


@ Inventor: Gaylord, Norman Grant 


09.10.85 Bulletin 85/41 




28 Newcomb Drive 


@ Dateof deferred publication of search report: 13.05.87 


New Providence. N.J. 07974(US) 


@ Designated Contracting States: 


(72) Inventor: Schor, Joseph Martin 


BE CH DE FR GB fT LI NL SE 


28 Meleny Road 




Locust Valley. NY 11560(US) 




(74) Representative: Bloch, Robert et al. 




6, rue du Faubourg Saint-Honor^ 




F'75008Pari8(FR) 



Controlled release solid drug dosage forms based on mixtures of water soluble nonionic cellulose ethers and anionic 
surfactants. 

(st) a carrier base material combined with a therapeutically 
active medicament and shaped and compressed to a solid 
unit dosage form having a controlled and prolonged release 
pattern upon administration, the carrier base material being a 
mixture of one or more nonionic cellulose ethers and an ani- 
onic surfactant, and wherein at least one of the cellulose 
ethers is methyl cellulose or hydroxypropylmethylcellulose 
having a number average molecular weight of at least 50,000. 



CO 

< 

10 
0) 
(O 

IS 

in 



Q. 

lU 



J) 



Europtan Pattnt 
Office 



EUROPEAN SEARCH REPORT 



01 57695 

Appfictlion numD«r 



EP 85 40 0555 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Cattgoiy 



Citation of documant wnti indication, whars appropriats» 
of rat^vant paatagM 



Ral*vant 

to claim 



CI>8SlFlCATlON OF THE 
APPt^tCATlON (Int Cl < ) 



D,Y 



INTERNATIONAL JOURNAL OF 
PHARMACEUTICS, vol. 18, January 
1984, pages 201-205, Elsevier 
Science Publishers B.V., 
Amsterdam, NL; P.B. DALY et al.: 
"The effect of anionic 
surfactants on the release of 
chlorpheniramine from a polymer 
matrix tablet" 
* Whole article * 



DE-A-2 732 335 (SANDOZ PATENT 
GmbH) 

* Page 11, line 12 - page 12, 
line 6; claims 1-13 * 



US-A-4 389 393 
al. ) 

* Claims 2-10 * 



(J.M. SCHOR et 



Tha prMani March rapon hat b«*n drawn up lor all etaim$ 



1-10 



A 61 K 



9/22 



1-10 



1-10 



TECHNICAL FIELDS 
SEARCHED (Int CI *i 



A 61 K 



Plaoa ol aaareh 

THE HAGUE 



Oat* of eomptalion of lha aaareh 

09-02-1987 



Eiaminar 

TZSCH0PPE,D.A. 



8 

§ 
1 
2 



CATEGORY OF CITED DCXJUMENTS 

X : parttcul arty relevant if taken alon« 

Y : particularly relevant if combined with ar>other 

document of the same category 
A : technological backgrourKJ 
O : non-written diacloture 
P : intermediate document 



T : theory or principle underlymg the invention 
E : earlierpatentdocument. but published on. or 

after thm filing date 
O : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresporujing 
document 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the appUcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



U FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




